Fluorescence Resonance Energy Transfer (FRET) is a special technique to gauge the distance between two chromophores, called a donor-acceptor pair. The limitation of FRET is that this transfer process is effective only when the separating distance of donor-acceptor pair is smaller than 10 nanometers. However, FRET is a highly distancedependent phenomenon and thus has become a popular tool to measure the dynamic activities of biological molecules within nanoscale.
Introduction
FRET is the acronym of the Förster (Flourescence) Resonance Energy Transfer. The Förster energy transfer is the phenomenon that an excited donor transfers energy (not an electron) to an acceptor group through a non-radiative process. This process is highly distance-dependent, thus allowing one to probe biological structures. One common application is simply to measure the distance between two positions of interest on a big molecule, generally a biological macromolecule, by attaching appropriate donor-acceptor groups to the big one. If the big molecule only involves one donor and one acceptor group, the distance between the donor and the acceptor can be easily measured if there is no conformational change within this process. Besides, if the molecule has a huge conformational change, one may also measure the dynamical activities between two sites on this macromolecule such as protein interactions. Today, this technique is widely applied in many fields such as single-molecule experiments, molecular motors, biosensors and DNA mechanical movements. FRET is also called the "Spectroscopic Ruler" because of its intrinsic convenience.
The big picture of FRET The theoretical analysis was well developed by Theodor Förster. This non-radiative transfer mechanism is schematically capsuled in Figure 1 . A donor group (D) is excited by a photon and then relaxes to the lowest excited singlet state, S 1 (by Kasha's rule). If the acceptor group is not too far, the energy released when the electron returns to the ground state (S 0 ) may simultaneously excite the donor group. This non-radiative process is referred to as "resonance". After excitation, the excited acceptor emits a photon and returns to the ground state, if the other quenching states do not exist.
Figure 1. Schematic Diagram of Förster Resonance Energy Transfer
The resonance mechanism is associated with the Coulombic interaction between electrons. Thus, the relative distance of Coulombic interaction between the donor-acceptor pair could be longer than the electron exchange energy transfer which needs the overlap of wavefunctions, namely the Dexter Energy Transfer. The Coulombic interaction only needs the overlap of the spectrum which means that the identity of resonance energy. • \(k_i\) are the non-radiative relaxation rates (e.g., internal conversion, intersystem crossing, external conversion etc).
Within a point dipole-dipole approximation, the FRET efficiency can be related to the donar-acceptor distance via
where • \(r\) is the distance between donor and acceptor chromophores and
• \(R_o\) is the characteristic distance (the Förster distance or Förster radius) with a 50% transfer efficiency
Overlap of spectrum
To enhance the FRET efficiency, the donor group should have good abilities to absorb photons and emit photons. That means the donor group should have a high extinction coefficient and a high quantum yield. The overlap of emission spectrum of the donor and absorption spectrum of the acceptor means that the energy lost from excited donor to ground state could excite the acceptor group. The energy matching is called the resonance phenomenon. Thus, the more overlap of spectra, the better a donor can transfer energy to the acceptor. The overlap integral, J(λ), between the donor and the acceptor stands for the overlap of spectra, as shown in Figure 3 . FRET provides an efficient way to measure the distance between a donor and an acceptor chromophore. The energy transfer efficiency is highly influenced by the ratio of R and R 0 because of the exponent 6. Thus, by measuring the FRET efficiency, one can easily get the precise distance between the donor and the acceptor. If choosing the donor and acceptor properly, this experiment can also be carried out in vivo. However, the FRET only gives the information about distances. If a dramatic conformational change happens, such as lengthening or kink, it is unable to know the exact movement of donor and the acceptor. Besides, attaching the chromophores to precise sites of a macromolecule is also important, both in quantity of chromophores and in position of a macromolecule, or the FRET might produce noise signals.
(Please refer to question 5)
Outside Links 
Question 4
Use the example in question 3, and now consider the orientations of transition dipoles. Please plot the relationship between the separating distance of donor-acceptor pair and the energy transfer efficiency. (Remember that when elongating the DNA by adding base pairs, the orientations of donor and acceptor chromophores will change) (Question 3 and 4 are revised from a paper which measured the orientation dependence in FRET process by using the DNA helix.
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